Introduction
The gastropod assemblages of East African lakes, particularly of Lake Tanganyika, have inspired interest since the first shells were returned by the expeditions of Richard Burton and John Speke in 1858 (e.g. Woodward 1859; Smith 1880a Smith ,b, 1881a Crosse 1881; Pelseneer 1886; Bourguignat 1890; Moore 1897 Moore , 1898a Nicolas 1899; Smith 1904; Ancey 1906) . Despite continuing fascination with African lakes and the evolutionary biology of their endemic species flocks [see reviews, e.g. in Coulter (1991) , Michel (1994) and Martens (1997) ], anatomic knowledge of Tanganyikan gastropods is limited to only a minority of the taxa (Moore 1898a (Moore ,b, 1899a Digby 1902; Mandahl-Barth 1954; Bouillon 1955) . Additional information for the shell, operculum and radula was provided by Leloup (1953) , while others primarily compiled pre-existing data (e.g. Smith 1904; Ancey 1906; Germain 1908; Pilsbry & Bequaert 1927; Brooks 1950; Brown & Mandahl-Barth 1987; Brown 1994) , or concentrated on single character treatments, e.g. shell microstructure ( West & Cohen 1996) .
Speculation on the origins of the Lake Tanganyika 'thalassoid' gastropods -so named by Bourguignat (1885) for their similarity to marine species -has not suffered despite this paucity of comparative data. Following refutation of Moore's (1903) controversial hypothesis that the fauna represents a Jurassic marine relict, most early studies favoured a polyphyletic origin [see also, e.g. Cunnington (1920) and Thiele (1925 Thiele ( , 1929 ]. However, now the fauna is widely regarded as an in situ adaptive radiation of Thiaridae -a heterogeneous family of limnic Cerithioidea (e.g. Hudleston 1904; Cunnington 1920; Thiele 1925 Thiele , 1929 Pilsbry & Bequaert 1927; Yonge 1938; Brooks 1950; Hubendick 1952; Boss 1978; Brown 1980 Brown , 1994 Coulter 1991; Michel et al. 1992; Michel 1994 Michel , 2000 Glaubrecht 1994 Glaubrecht , 1996 West & Cohen 1996) . In contrast, Glaubrecht (1997 Glaubrecht ( , 1998 Glaubrecht ( , 1999 suggested that the assemblage comprises several independent cerithioidean clades among which are no true Thiaridae s.s., a group more narrowly defined than the Thiaridae (= 'Melaniidae') of other authors. However, a comprehensive systematic revision and phylogenetic analysis of thalassoid gastropods is lacking. Thus, their origin and relationships remain equivocal.
One intrinsic factor considered important in the diversification of endemic Lake Tanganyika gastropods is a viviparous reproductive mode (Boss 1978; Michel 1994) . In this context, one of the most intriguing species is the viviparous Tanganyicia rufofilosa (Smith 1880) . Moore first provided a description of the brood pouch (Moore 1898a: 457) , and later (Moore 1899a) a more thorough anatomic account. These and subsequent studies confirmed that the species does not possess a uterine brood pouch like other brooding lake forms. This fact has figured prominently in hypotheses on the evolution of brooding and affinity of T. rufofilosa. For example, assuming brood pouch homology, Morrison (1954) considered the species to be the only thalassoid member of the viviparous Thiaridae -a conclusion based on Moore's (1898a Moore's ( , 1899a interpretations. However, homologies of cerithioidean reproductive structures including the brood pouch have not been evaluated critically.
Thus, as part of an ongoing effort to understand the evolution of viviparity in limnic gastropods and the evolutionary dynamics of the Lake Tanganyika cerithioidean species flock, we here provide a redescription of the anatomy and shell morphology (including embryonic shells) of Tanganyicia rufofilosa and a reinterpretation of brood pouch homology.
Materials and methods
Alcohol-preserved material (70% ethanol) of Tanganyicia rufofilosa was provided by the Musée Royal L'Afrique Central, Tervuren, Belgium (MRAC 247936-48; from Moliro, Lake Tanganyika, leg. 1912) . This was supplemented by shell material from other museum collections (see below). Institution acronyms are as follows: AMS -Australian Museum, Sydney; BMNH -The Natural History Museum, London; CAS -California Academy of Sciences, San Francisco; MCZMuseum of Comparative Zoology, Cambridge, MA; MRAC -Musée Royal L'Afrique Central, Tervuren; NMNHNational Museum of Natural History, Washington, DC; ZMB -Museum für Naturkunde, Humboldt Universität, Berlin (formerly Zoologisches Museum Berlin).
Due to the abbreviation or loss of early ontogenetic stages in viviparous freshwater Cerithioidea, a distinct sculptural transition from the embryonic (primary) shell and larval (secondary) shell to the adult or tertiary shell (= teleoconch) is lacking. Therefore, the term 'protoconch' as applied to the first two stages in oviparous forms is not comparable to the conditions found among viviparous gastropods. Consequently, we prefer the term 'embryonic shell' for all shelled stages in the brood pouch. Methods and terminology for embryonic shell measurements follow Glaubrecht (1996) . Height, width and maximum diameter at one whorl were obtained from scanning electron micrographs.
The formulae for radular tooth descriptions are as follows: (1) rachidian: number of denticles on the left side/median denticle(s)/number of denticles on the right side; (2) lateral teeth: inner cusps/pronounced denticle /outer cusps; (3) marginal teeth: number of cusps on inner marginal tooth + number of cusps on outer marginal tooth.
Histological sections for the gonoducts, brood pouch and kidney were prepared from one male and one female (MRAC 247936-48) . Sections of an immature female (locality unknown) were prepared by the late Richard S. Houbrick and placed at our disposal courtesy of the Smithsonian Institution, NMNH, Department of Invertebrate Zoology. Semi-diagrammatic reconstruction of the pallial oviduct was completed by augmenting dissections with histological sections.
Results

Systematics
Family PALUDOMIDAE Genus Tanganyicia Crosse, 1881 Tanganyicia Crosse, 1881 : 123. Tanganikia Bourguignat, 1885 : 10, 41. Hauttecoeuria Bourguignat, 1885 : 10, 46. Cambieria Bourguignat, 1885 : 42. Tanganyikia Germain, 1908 Taxonomic remarks. A monotypic genus (but see Taxonomic Remarks under the species, below); type species is Lithoglyphus rufofilosus Smith, 1880 . Early conchologists placed this taxon in the European hydrobiid genus Lithoglyphus based on superficial shell similarities. Crosse (1881: 124) later assigned this taxon to a new genus citing the absence of typical features found in Lithoglyphus, and the presence of unique features unknown among Tanganyikan gastropods. For more nomenclatorial details see Martens (1897: 204) and Pilsbry & Bequaert (1927: 303 -307) and Taxonomic Remarks under the species, below.
Diagnosis. Shell globose to oval, solid, smooth or with spiral grooves and growth striae; spire very short or conic. Colour white, with fine, red, spiral lines of variable number (four to 12) on each whorl. Approximately five to six rapidly increasing, convex whorls, with deep suture. The last whorl is large, globose, thick. The aperture is large, oval, whitish, spanning at least half, but often at least two-thirds the height of the shell. Peristome is continuous, lip thin; columella thickened, reflexed. Operculum is concentric around paucispiral centre. For further details, see under species.
Distribution. Endemic to Lake Tanganyika (Fig. 1 ).
Tanganyicia rufofilosa (Smith, 1880) Lithoglyphus rufofilosus Smith, 1880b : 426 (figured in Smith 1881a . Tanganyicia rufofilosa Smith -Crosse, 1881: 125, 287 . Bourguignat, 1885 : 42. Cambieria rufofilosa Bourguignat, 1888 . Tanganyikia rufofilosa Smith -Germain, 1908: 643, footnote . Tanganikia giraudi Bourguignat, 1885: 42, 44 . Tanganikia globosa Bourguignat, 1885: 42, 46 . Tanganikia fagotiana Bourguignat, 1885: 42, 43 . Cambieria jouberti Bourguignat, 1888: pl. 6, figs 15, 16 . Tanganikia maunoiriana Bourguignat, 1885: 42, 44 . Cambieria maunoiriana Bourguignat, 1888: pl. 7, figs 11, 12 . Tanganikia opalina Bourguignat, 1888: pl. 5, figs 18, 19 . Tanganikia ovoidea Bourguignat, 1885: 42, 45 . Cambieria ovoidea Bourguignat, 1888: pl. 6, figs 13, 14. (Only the most important synonyms for the type species are given here; for further synonymization see Taxonomic Remarks, below.) Type locality. Lake Tanganyika; described from a collection made by Joseph Thomson during his exploration of the lake in 1878 -80, without a definite locality given neither by the collector nor E. A. Smith. Because Thomson's (1881) report only states that he repeatedly visited several localities on the eastern, southern, and western shores (see also Rotberg 1971; map pp. 48 -49) , the type locality cannot be refined.
Tanganikia rufofilosa
Type material. BMNH 1880.12.20.65-68, n = 4; leg. Thomson; material from Royal Geographic Society expedition.
Other material examined. Lake Tanganyika, without exact locality: ZMB (38242, 45685, 52266, 53410, 102615, 102618, 102623 , n = 80); CAS (25148, 36446) . Moliro (MRAC 247936-48, 247949-78 , n = 21); Kala (ZMB 102613-14, n = 3); Russago (ZMB 102616, n = 3); Kasanga (ZMB 102617, n = 3); Kirando (ZMB 102619, n = 19); Kigoma (AMS C.38, C.5496, n = 7; ZMB 102622, n = 12); Niainkolo (CAS 49542, ex. MCZ).
Taxonomic remarks. The species was first assigned to Lithoglyphus by Smith (1880b Smith ( : 426, 1881a , who also allocated Stanleya neritinoides (Smith, 1880) and Spekia zonata ( Woodward 1859) to this genus. In fact, the conchological resemblance between Tanganyicia rufofilosa and S. neritinoides has created taxonomic confusion and often led to the confounding of shells of the two species (e.g. Bourguignat 1885 Bourguignat , 1888 Bourguignat , 1890 . For example, the series of T. rufofilosa from the MRAC used in this study was originally misidentified as Stanleya.
As a consequence of high shell variability in the species, numerous forms have been named by conchologists using a typological species concept. For example, in addition to Tanganyicia rufofilosa, Bourguignat (1885 Bourguignat ( , 1888 ) named a total of 32 species in three genera (Tanganikia, five forms; Cambieria, three forms; Hauttecoeuria, 24 forms). Subsequent authors preserved different valid species names, thereby compounding (Smith 1880) in Lake Tanganyika. ᭹ -material in museum collections (see details in text), ᭺ -occurrences according to Leloup (1953) Germain (1908) supported four species in two subgenera (Tanganyicia, Hauttecoeuria). Pilsbry & Bequaert (1927: 303) provisionally accepted Germain's conclusions and gave complete synonymies, in addition to the type species T. rufofilosa, for (i) T. reymondi (Bourguignat 1885) , (ii) T. fagotiana (Bourguignat 1885) , (iii) T. soluta (Bourguignat 1885) , and a subspecific form (iv) T. rufofilosa var. minuta (Bourguignat 1885) .
Others were more critical of Bourguignat's (1885) criteria and the inflation of species (e.g. Moore 1903; Cunnington 1920) . Thus, characters such as continuity of the peristome, development of umbilicus, the basal angle, and size of the shell were noted to vary with degree of development and/ or age (Smith 1904; Ancey 1906; Leloup 1953) [for shell variation, see Pilsbry & Bequaert (1927: 306, fig. 59 ) and Leloup (1953: 222, fig. 112 ) ]. Leloup (1953) quantitatively demonstrated the continuous range of variation among a number of shell parameters to justify the recognition of a single, highly polymorphic species; an identical conclusion was reached by numerous authors (Smith 1904; Ancey 1906; Brown & Mandahl-Barth 1987; Brown 1980 Brown , 1994 .
Similarly, we found a continuous distribution of shell height vs. shell width among the specimens examined (see below) and concur with previous authors that it is impossible to subdivide the taxon using the shell alone. Although it is possible that more than a single species exists, given the lack of sufficient comparative morphological and molecular data, we refrain from species distinctions and regard the anatomic data presented below to represent the type of Tanganyicia, i.e. a polymorphic species T. rufofilosa. Furthermore, considering the abundance of existing names produced, especially by Bourguignat (1885 Bourguignat ( , 1888 Bourguignat ( , 1890 , we suggest that these compilations be consulted before new names are suggested in the future to avoid more nomenclatorial chaos.
Description
Shell. Globose with short spire, thick, smooth or with faint spiral grooves; colour white, with fine red to brown spiral lines of varying number (four to 12) on each of five to six whorls. Whorls rapidly increasing, convex, with deep suture and growth striae. Last whorl large, globose, thick. Aperture large, white, spanning approximately one-half to two-thirds of the shell height. Peristome continuous, lip thin, columellar side thickened and occasionally elevated; umbilical area concave, with narrow, slit-like opening in some specimens ( Fig. 2A,B) . Shell comprising two layers of crossed lamellar structure, with crystals of layers offset by 90° (Fig. 2H ).
Shell height vs. shell width distributed along a broad, continuous range from small, globose forms (4 mm high × 4 mm wide) to tall, narrow forms (16 mm high × 12 mm wide) (Fig. 3 ). In the original description, Smith (1880b) indicated 13 mm high × 11.5 mm wide (shell) and 10.5 mm high × 6 mm wide (aperture), corresponding well to the largest of four syntypes (see Fig. 2A ). Syntype series measurements falling within observed distribution, ranging from 10.8 mm high × 8.3 mm wide to 13.3 mm high × 10.7 mm wide. For type series, average sizes are: height = 10.2 mm (SD 1.36), width = 12.4 mm (SD 1.13), height of aperture = 7.2 mm (SD 1.01), width of aperture = 5.0 mm (SD 0.63), height of last body whorl = 10.5 mm (SD 1.31).
Embryonic shell. Shelled embryos within brood pouch comprising approximately 1.5 -2 whorls maximum ( Fig. 2C ). Slight concave depression at apex ( Fig. 2D-F) . Sculpture more or less smooth, with faint traces of spiral to irregular striae ( Fig. 2F ). Growth lines beginning at 1.25 whorls. Average sizes for sample of n = 10 embryonic shells are: width = 250 µm (SD 23.00), height = 110 µm (SD 11.35) and diameter at first complete whorl = 575 µm (SD 41.67).
Operculum. Concentric with central paucispiral nucleus, dark amber brown in colour (Fig. 4) .
External anatomy. Large, elongate, extensible snout, dorsoventrally flattened, with deep transverse grooves (Fig. 5B) . Mouth forming transverse slit on ventral snout tip. Retracted cephalic tentacles short, approximately one-half to twothirds the length of the snout. Eyes located approximately half way from the base of retracted tentacles on slight protuberances (Fig. 5B) .
Mantle edge irregularly crenulated, lacking papillae ( Fig. 5B , me). Ctenidium (Fig. 5A , ct) with large triangular filaments, extending from base of pallial cavity to mantle margin. Narrow, projecting filament apices aligned along gill midline. Osphradium (Fig. 5B , os) approximately one-third gill length, forming smooth, sinuous, narrow ridge in shallow depression. Hypobranchial gland weakly developed.
Radula.
Long with approximately 65 -69 rows (n = 2). Rachidian elongate, rhomboid in shape, broader at base, lacking glabella on face, with 'v-shaped' lower margin ( Fig. 6B-D) . Upper cutting edge slightly concave with 2-3/ 1/2-3 denticles. Main central denticle strongly pointed and laterally serrated; number and sharpness of flanking denticles variable within ribbon of same individual as well as between individuals from same population. Lateral teeth (Fig. 6A ,C,D) with long lateral extensions and 1/1/5 pointed denticles; first inner denticle very small, second denticle clearly pronounced and occasionally serrated along outer edge. Remaining denticles varying along ribbon within a single individual from rounded and stubby to pointed and elongate. Inner lateral edge straight with basal notch bordering prominent basal, pointed projection; no pronounced glabella visible. Marginal teeth (Fig. 6E ,F) long with broad head; denticles on inner and outer teeth similar in shape and number (12 + 12).
Foregut. Mouth opening at anterior end of highly folded, extensible snout. Buccal mass narrow, elongate, with small odonotophore occupying posterior half of buccal cavity. Small, glandular subradular organ lying below radula at anterior end of odontophore. Shallow, non-glandular buccal pouches extending underneath dorsal folds adjacent to buccal ganglia. Paired jaw (Fig. 5B, j) dorsally flanking mouth. Salivary glands forming long, unbranched tubules, extending through nerve ring, opening dorso-laterally alongside odontophore ( Fig. 5B, sgd) . Paired buccal retractors (Fig. 5B, ret) extending from back wall of buccal mass, inserting on lateral walls of cephalic haemocoel just in front of circum-oesophageal Midgut. Oesophagus opening ventrally on left side of midgut (Fig. 7, e) . Marginal fold 's-shaped' (Fig. 7, mf ) , passing anteriorly from oesophageal aperture, then turning posteriorly bordering right edge of extensive sorting area (Fig. 7, sa) . Marginal fold bearing single longitudinal groove. Sorting area triangular and tapering, with straight left margin. Small pad present near posterior tip of sorting area, at distal end of marginal fold. Accessory marginal fold (Fig. 7 , amf ) emerging from left side of oesophageal aperture, paralleling marginal fold around posterior tip of sorting area, bifurcating for short distance to form two folds. Midgut roof to left of sorting area lined with cuticularized, irregularly folded epithelium (Fig. 7, cu) . Gastric shield ( Fig. 7 , gs) massive with numerous irregular teeth, continuous with cuticle of stomach roof and style sac pocket (Fig. 7, p) . Glandular pad (Fig. 7 , gp) large, rounded with accessory pad (Fig. 7, ap) present at anterior end. Crescentic ridge (Fig. 7, cr) extending back from oesophagus and fusing to right side of glandular pad, bounding deep crescentic groove. Shallow caecum (Fig. 7, c) extending ventrally under glandular pad behind gastric shield. Paired digestive gland ducts opening to deep pocket alongside proximal end of crescentic ridge. 'U-shaped' depression present under aperture of style sac (Fig. 7, ss) , bounded by 'u-shaped' fold extending from style sac lip. Style communicating with intestinal groove (Fig. 7, ig) via short slit along proximal quarter of style sac. Crystalline style present.
Hindgut. Intestine emerging from gastric chamber (Fig. 5A , so), extending anteriorly to pericardium and passing ventrally under distal end of style sac (Fig. 5A, ss) . Intestine turning posteriorly, curving over dorsal wall of style sac near gastric chamber (Fig. 5A) , then turning anteriorly and traversing right kidney wall, exiting through papillate anus near mantle margin. Anus lying adjacent to patch of folded, glandular epithelium of mantle floor and roof.
Reno-pericardial system. Kidney large (Figs 5A, 8A, kd), extending posteriorly to gastric chamber (Fig. 5A, st) and anteriorly into pallial roof, subdivided internally into several chambers. Narrow main kidney chamber (Fig. 5C , mc) alongside pericardium, partially occluded by excretory lamellae connecting roof to walls and floor. Main chamber communicating via one small sinus (Fig. 5C , arrow) in septum (Fig. 5C, s) with right kidney chamber. Right chamber lying largely underneath proximal intestine (Fig. 5C, int) . Large mass of excretory lamellae within right chamber extending into pallial roof. Lamellae separating two small chambers, above and below. Dorsal pallial kidney chamber flattened, lying underneath intestine, representing anterior extension of right chamber. Ventral pallial kidney chamber (Fig. 5C , ac) overlying pallial gonoduct (Fig. 5C, pgo) , extending far anteriorly into pallial roof. Dorsal and ventral pallial chambers communicating laterally on left, via narrow slit alongside blood vessel. Nephropore (Fig. 5C, np) opening above small ventral chamber (Fig. 5C, vc) bearing excretory lamellae along anterior wall and lying beneath other kidney chambers. Afferent renal vessel with two main branches; left branch supplying main chamber, right branch supplying mass of lamellae in right chamber. Nephridial gland absent.
Pericardial cavity (Fig. 5A, per) voluminous, extending underneath kidney alongside style sac (Fig. 5A, ss -D. Circum-oesophageal nerve ring, left lateral view. Bars = 1 mm. ac, anterior kidney chamber; bg, buccal ganglion; ceg, cerebral ganglion; cm, columellar muscle; ct, ctenidium; dg, digestive gland; e, oesophagus; go, gonad; int, intestine; j, jaw; kd, kidney; me, mantle edge; mc, main kidney chamber; np, nephropore; op, operculum; os, osphradium; pdg, pedal ganglion; plg, pleural ganglion; per, pericardium; pgo, pallial gonoduct; ret, buccal mass retractor; s, septum; sc, statocyst; sb, sub-oesophageal ganglion; sgd, salivary gland duct; sp, supra-oesophageal ganglion; ss, style sac; st, stomach; vc, ventral kidney chamber; vg, visceral ganglion. Anterior aorta extending down posterior wall of pericardium, then continuing anteriorly within cephalic haemocoel.
Nervous system. Circum-oesophageal nerve ring lying behind base of cephalic tentacles, moderate distance behind buccal mass. Cerebral ganglia (Fig. 5D, ceg) connected by short, stout commissure. Five nerves emerging from each cerebral ganglion. Tentacular nerve (Fig. 5D, tn) single. Buccal connectives long, innervating buccal ganglia (Fig. 5B, bg) lying ventro-laterally near base of buccal cavity. Pleural ganglia ( Fig. 5D , plg) lying behind and below cerebral ganglia connected to cerebral ganglia by short connectives. Pedal ganglia (Fig. 5D, pdg) with four prominent nerves. Large statocysts ( Fig. 5D, sc) with numerous statoconia present dorso-laterally alongside pedal ganglia. Sub-oesophageal ganglion (Fig. 5D, sb) closely connected to left pleural ganglion. Right dialyneury present between nerves from sub-oesophageal and right pleural ganglia. Long connective uniting right pleural and supra-oesophageal ganglia (Fig. 5B,D, sp. ). Left dialyneury formed between pallial nerve of left pleural ganglion and osphradial nerve of supra-oesophageal ganglion. Single visceral ganglion (Fig. 5B , vg) present to right of pericardium.
Reproductive system. Gonad (Figs 5A, 11A, go) dorsally overlying digestive gland (Figs 5A, 11A, dg) from tip of visceral mass to posterior end of stomach (Fig. 11A, st) . Narrow vas deferens emerging ventrally from testes. Short distal portion of vas deferens thickened and forming straight seminal vesicle. Vas deferens (Fig. 8A , vd) narrowing and curving dorsally to enter posterior end of prostate (Fig. 8A , pr) at base of mantle cavity. Prostate glandular, forming flattened tube, opening to mantle cavity through narrow slit along anterior one-third (Fig. 9B,C) . Glandular tissue regionated into dorsal basophilic and ventral acidophilic epithelium (Fig. 9D) . Dorsal, anterior extension of prostate forming glandular, tube-like organ bearing basophilic epithelium ( Figs 8A, 9B,C, sfo). Organ terminating blindly anteriorly and communicating posteriorly via narrow channel with gonoductal groove. Small, ventral, glandular protuberance within aperture, restricting entrance to organ. Irregularly folded, glandular epithelium lining pallial roof and floor near anus at distal tip of glandular gonoduct (Fig. 9A) . . Bar = 1 mm. amf, accessory marginal fold; ap, accessory pad; c, caecum; cu, cuticle lining stomach roof; e, oesophagus; gp, glandular pad; ig, intestinal groove; mf, marginal fold; p, crystalline style pocket; sa, sorting area; ss, style sac; ty, typhlosoles; uf, 'u-shaped' fold.
Oviduct emerging ventrally from ovary. Renal oviduct (Fig. 8B, ovi) forming short recurvent loop behind mantle cavity before entering base of glandular oviduct. Pallial oviduct, with proximal albumen and distal capsule glands, opening to mantle cavity via narrow slit along anterior one-third ( Figs 8D, 9E, 10 ). Albumen gland (Figs 8B,D,E, 10, ag) well developed, lying alongside capsule gland, forming curved tube. Albumen gland opening laterally to capsule gland via narrow, elongate slit (Figs 9I,K,L, 10); slit continuous with oviductal groove of capsule gland (Fig. 8B,E) . Capsule gland (Fig. 8B,D ,E, cg) long and narrow, with deep oviductal groove bounded by weakly glandular laminae (Fig. 9E,F ,G, cg). Sperm gutter (Figs 9E, F, 10, sg) in medial lamina opening to spermatophore bursa ( Figs 8D, 10, spb) . Ventral channel of capsule gland opening to seminal receptacle in lateral lamina (Figs 8B,D, 10, rcs). Spermatophore bursa papillated, commonly containing degenerating spermatophores (Fig. 8C ) and unoriented sperm (Fig. 9G,H, spb) ; seminal receptacle containing mass of unoriented sperm in centre of lumen and orientated sperm embedded within epithelium Fig. 9 ). -E. Internal morphology of pallial oviduct. Oviduct opened ventrally and posteriorly (indicated by dark hash marks), medial lamina reflected dorsally; spermatophore bursa and receptaculum seminis removed for simplicity (note continuity between oviductal groove and curved, slit-like opening of albumen gland). Bars = 1 mm. ag, albumen gland; cg, capsule gland; ovi, oviduct; pr, prostate; rcs, receptaculum seminis; sfo, spermatophoreforming organ; spb, spermatophore bursa; vd, vas deferens. Cross-section of posterior pallial oviduct. Bar = 1 mm. ag, albumen gland; cg, capsule gland; int, intestine; kd, kidney; ovi, oviduct; pr, prostate; rcs, receptaculum seminis; sfo, spermatophore-forming organ; sg, sperm gutter; spb, spermatophore bursa. (Fig. 9I,J,K, rcs) . Deeply furrowed, glandular epithelium lining pallial cavity at junction of mantle roof and floor anterior to gonoduct tip, juxtaposed with small brood pouch pore (Fig. 11A, bpp) on foot below right cephalic tentacle.
Spent spermatophore found within bursa (Fig. 8C) . Spermatophore approximately 1.5 mm long with translucent, amber-coloured shell. Small, rounded anterior end, with slit-like pore, expanding into elongate and rounded, flattened sac.
Foot large and broadly rounded. Anterior pedal gland (Fig. 11A , apg) present along margin of narrow propodium, opening under shallow flap. Brood pouch occupying mesopodial portion of foot (Fig. 11A,B, bp) , varying dramatically in size between immature and mature females. In immature females, pouch folded and narrow, lined with glandular epithelium; pouch extending anteriorly from brood pore into left side of foot (Fig. 12A-C) . In mature females, pouch filling mesopodium (Fig. 11A,B , bp) and extending from pore (bpp) short distance posteriorly to below left cephalic tentacle. Embryos in pouch at varying stages of development (Fig. 12D,E ) and contained in membranous egg capsules (Figs 3G, 12F) . One female containing n = 23 shelled juveniles of approximately 1.5-2 whorls and n = 45 small, brown to yellow embryos in earlier developmental stages bearing thin, translucent shells of less than one whorl. Brood pouch interior compartmentalized by thin sheets of tissue separating embryos (Fig. 12E ).
Distribution and ecology
Found on all shores of Lake Tanganyika (Fig. 1) . In addition to locations listed under material examined, the species is also known from, e.g. Ujiji, Pambete, Mpala, Kapampa, Kibanga, Kalemia (= Albertville) (Martens 1897; Pilsbry & Bequaert 1927; Leloup 1953 : map 216, locality list p. 220).
There is only scattered information available regarding habitat preference. Germain (1908) and Pilsbry & Bequaert Fig. 10 Semi-diagrammatic three-dimensional reconstruction of pallial oviduct of Tanganyicia rufofilosa. Stippling patterns for capsule and albumen glands correspond to those used in Fig. 8B,D . ag, albumen gland; cg, capsule gland; rcs, receptaculum seminis; sg, sperm gutter; spb, spermatophore bursa. (1927) indicated that the species lives on submerged rocks in shallow water, the former comparing this and other thalassoid species to marine Natica, Purpura and Littorina. Leloup (1953) reported that the species is found on rocks and also on coarser sand where it feeds on diatoms and other algae. Analysis of the station and material list provided by Leloup indicates that it generally ranges in depth from 0 to 100 m (rarely to 304 m), with the majority of samples (n = 22) taken from a zone between 0 and 20 m. It is unclear if a break in the bathymetric distribution of samples from shallower (0-20 m) vs. deeper waters (30 -304 m) indicates the existence of a distinct deep water taxon.
Discussion
Evaluation of morphological characters General anatomy. There are several discrepancies between published descriptions and the present results. For example, previous accounts did not show the characteristic 'v-shaped' base of the rachidian (Moore 1899a; Pilsbry & Bequaert 1927; Leloup 1953 ). In addition, Moore (1899a) reported the presence of papillation at the anterior end of the osphradium and a large glandular swelling along the rectum; neither papillation nor a 'rectal gland' are present. The heart was described as receiving a single blood vessel from the ctenidium (Moore 1899a), but the auricle communicates with the kidney as well via the efferent nephridial vein. Moore also described two visceral ganglia, but a single visceral ganglion is present. Similarly, no 'unique ventro-median protuberances' or 'slight peculiar projections' are visible on the cerebral or pedal ganglia, respectively. Moreover, Moore (1899a) noted only that the midgut is small, with a separate intestine and a well-developed style. However, like other limnic cerithioideans, the midgut bears an elaborate system of folds and pouches. The kidney was simply described as surrounding the heart (Moore 1899a). Instead, the kidney's internal lumen comprises an intricate series of chambers, subdivided by septae and excretory lamellae. This complexity is unparalleled among cerithioideans and other caenogastropods (Strong in press).
Male reproductive anatomy. Moore (1899a) characterized the male pallial gonoduct as opening via a fine aperture below the rectum, with no mention of the large prostate nor the accessory gland (Fig. 9A, sfo) . Comparable accessory glands have been described from few cerithioideans and although the superfamily is generally acknowledged to be aphallate (e.g. Houbrick 1988 ), these structures have been referred to as 'penes'. Moore (1898b) first reported a cerithioidean 'penis' for Tiphobia horei from Lake Tanganyika and depicted it as a muscular and likely introvertible organ of doubtful homology to other gastropod penes due to its unusual position in the mantle roof. Citing the presence of muscle fibres, Morrison (1954) likewise concluded it to be a functional penis and independently derived in the Tiphobiinae. Brown (1994) conservatively described the structure as a 'mantle lobe' that may be used for copulation. There are no published descriptions of 'penes' from other Tanganyikan gastropods excluding a vague reference to an 'accessory gland-like organ' of unknown function in a putative female of Chytra (Digby 1902: 436) .
Several Asian species currently classified in the Paludomidae (see below), including Paludomus tanschaurica (cf. Seshaiya 1934) and Paludomus ajanensis (cf. Brown & Gerlach 1991) have been reported with 'penes'. Based on the absence of muscle fibres, Morrison (1954 ) rejected Seshaiya's (1934 hypothesis and concluded it to be a gland pending proof of function as an intromittent organ. Species in the African genus Cleopatra, also grouped in the Paludomidae, reportedly lack a 'penis', e.g. Cleopatra bulimoides (cf. Binder 1959) and Cleopatra colbeaui (cf. Starmühlner 1969) ; in contrast, Cleopatra ferruginea, possesses a 'penis' (Strong unpublished data) . Thus, with rare exception, these structures have been designated as 'penes' although it has not been established if they open anteriorly and can physically accomplish the transfer of sperm. Instead, it is now clear that in Tanganyicia rufofilosa, the glandular tube terminates blindly and communicates only posteriorly with the gonoductal groove. Contrary to previous inferences, due to the absence of an anterior aperture and a similar size and shape, this structure is interpreted here to be a spermatophore-forming organ. Although comparable studies must be completed for other cerithioideans, all such accessory glands probably have a similar construction and function.
Female reproductive anatomy and viviparity. Moore (1899a) simply characterized the oviduct as 'straight', with no mention of the complexities described above. Moreover, Moore figured a genital groove on the right side of the head-foot in both males and females. Morrison (1954) doubted the presence of a groove in males and assumed that gravid and nongravid females had been examined. In contrast, a region of longitudinally folded, glandular epithelium is present at the anterior end of the gonoduct in both sexes, at the junction of the pallial roof and floor (Fig. 11A) ; this epithelium is juxtaposed with the aperture of the brood pore in females.
Perhaps the most intriguing results of the present study concern morphology and hypotheses of homology of the brood pouch. Since early studies, Tanganyicia rufofilosa has been known to possess a brood pouch on the left side of the 'head-foot', 'behind and below the left tentacle' (Moore 1898a (Moore , 1899a . Based on this description, the pouch was considered homologous to brooding structures in other viviparous Thiaridae (or 'Melaniidae') (e.g. Pilsbry & Bequaert 1927; Leloup 1953; Morrison 1954; Brown & MandahlBarth 1987) . However, there is considerable variety in size and position of cerithioidean incubatory structures; this variability has long gone unnoticed. Furthermore, the depiction of all such superficially similar features simply as 'subhaemocoelic' or as located within the 'head-foot' (Morrison 1954; Houbrick 1987 Houbrick , 1988 Glaubrecht 1996) has perpetuated the view that they are homologous.
Among limnic Cerithioidea with a brood pouch in the head-foot, the pouch expands posteriorly from a brood pore located on the neck, and occupies a dorsal position in the cephalic haemocoel overlying the oesophagus (i.e. subhaemocoelic brood pouch). In contrast, the brood pouch in Tanganyicia rufofilosa expands anteriorly from a pore located on the foot, occupying only the mesopodial portion of the foot, and does not penetrate the cephalic haemocoel. Thus, this incubatory structure is unique among all other cerithioideans. In spite of this structural distinctiveness, hypotheses of homology based on positional criteria remain equivocal. In some thiarids (e.g. Thiara, Stenomelania; Glaubrecht 1996 Glaubrecht , 1999 Bandel et al. 1997; Schütt & Glaubrecht 1999) and planaxids (e.g. Planaxis, Fossarus; Houbrick 1987 Houbrick , 1990 , the pouch extends a short distance anteriorly into the lower right of the head-foot below the right cephalic tentacle. Thus, the subhaemocoelic pouches of some taxa occupy a position partially comparable to that in Tanganyicia. Consequently, homologies of these incubatory structures are unclear and remain to be tested in cladistic analysis.
The systematic position of Tanganyicia rufofilosa Freshwater cerithioideans traditionally have been grouped in a single family, the 'Melaniidae' [an invalid name for Thiaridae, see Glaubrecht (1996) ]. This family has been considered a heterogeneous monophyletic group or alternatively an assemblage of unrelated taxa with many members bearing closer resemblance to marine forms than to each other (e.g. Moore 1897 Moore , 1898a Smith 1904; Pilsbry & Bequaert 1927; Thiele 1929; Morrison 1954; Houbrick 1988) . In an ongoing effort to clarify the systematics of freshwater cerithioideans, Glaubrecht (1996 Glaubrecht ( , 1997 Glaubrecht ( , 1998 Glaubrecht ( , 1999 recognized several lineages formerly grouped in the Thiaridae sensu lato, including the Thiaridae sensu stricto (e.g. Thiara, Melanoides, Stenomelania), Pachychilidae (= Melanatriidae, e.g. Pachychilus, Melanatria, Brotia) and Paludomidae (e.g. Cleopatra, Paludomus). Preliminary cladistic analyses of morphological and molecular data are confirming the monophyly of these lineages and that they do not form a 'thiarid' clade (Glaubrecht 1999; , 2000 Lydeard et al. in press) .
In early classification schemes, thalassoid gastropods were scattered among several families and /or subfamilies. More recently, the assemblage has been unified, but often unranked, within the Thiaridae s.l. Given the comparative data now available for cerithioideans, it is clear that evidence cited previously in the context of the systematics of Tanganyikan gastropods is of only limited utility in assessing monophyly and affinity of thalassoid gastropods due to the morphological diversity of the fauna (Table 1 ). In contrast, this evidence seems most useful for differentiating between limnic lineages.
For example, the radula and operculum have figured repeatedly in hypotheses concerning systematic affinities of Tanganyikan taxa (e.g. Pilsbry & Bequaert 1927; Thiele 1929; Brown 1994) . However, given the varied morphologies present among lake species, particularly of the radula, these character complexes are not suitable for assessing relationships of the thalassoid species flock, but are useful for differentiating, e.g. between Thiaridae s.s. and Paludomidae. More recently, shell microstructure and electrophoretic data have been used to generate a preliminary, highly unresolved phylogeny of Tanganyikan gastropods, with one or two shell layers hypothesized to represent the plesiomorphic condition (West & Cohen 1996) . Thus, the presence of two shell layers in Tanganyicia rufofilosa cannot refine the systematic position of this species among diverse lake forms with as many as four layers; the scarcity of comparative shell structure data renders it weak evidence of affinity to other limnic lineages.
The midgut has demonstrated a significant utility in higher order systematics of cerithioideans Strong unpublished data Glaubrecht (1996) , West & Cohen (1996) , Köhler & Glaubrecht (2001) , Strong & Glaubrecht (unpublished data 1988; Glaubrecht 1996) . In view of current knowledge on the systematics, Thiaridae s.s. possess a subhaemocoelic brood pouch, while Paludomidae are oviparous. Thalassoid gastropods are also prevalently oviparous; only Tiphobia horei and species of the Lavigeria complex brood within the pallial oviduct (uterus). Tanganyicia rufofilosa is unique among thalassoid gastropods because it is the only lake species that does not brood in the uterus. Even more, it is unique among limnic Cerithioidea as well because its brood pouch does not penetrate the cephalic haemocoel. Thus, although providing no clues regarding systematic affinity, the pouch probably represents an intriguing independent origin of brooding in Lake Tanganyika. Most importantly, the utility of male reproductive anatomy in cerithioidean systematics has been overlooked due to its presumed uniformity and simplicity. Despite arguments to the contrary (e.g. Morrison 1954; Starmühlner 1969) , it is hypothesized here that male accessory glands are homologous due to similarity in position and shape, probably functioning in spermatophore formation. The shared presence of this rare apparatus is important evidence for the affinity between paludomids, Tanganyicia rufofilosa and other Tanganyikan gastropods (e.g. Tiphobia, Chytra?). Of course, these hypotheses must be refined by confirming the presence or absence of the spermatophore-forming organ in other taxa and establishing a phylogenetic framework for thalassoid gastropods based on all available morphological and molecular data.
Conclusions
A phylogenetic framework based on morphological data, requiring detailed studies of the more than 35 thalassoid gastropods of Lake Tanganyika, is still lacking. In the absence of a comprehensive phylogeny, the anatomy of Tanganyicia rufofilosa has been examined and compared with taxa formerly grouped in the Thiaridae s.l. to refine its systematic placement. This investigation revealed that T. rufofilosa is distinctive among the otherwise remarkable endemic fauna of Lake Tanganyika. Despite similarities to Thiaridae s.s., some midgut features are shared only with paludomids. In addition, the species possesses a complex reproductive anatomya fact unappreciated in previous accounts. Males possess a spermatophore-forming organ, a structure rarely found in other cerithioideans and postulated here to be homologous to the 'penis' of Paludomidae. Females incubate embryos within a mesopodial brood pouch that is unique among all viviparous cerithioideans and indeed among other molluscs. Given this evidence and the emerging phylogenetic framework for limnic cerithioideans, it is probable that the species represents an intriguing instance of independent evolution of brooding. In addition, T. rufofilosa is hypothesized to be a member of the Paludomidae. This systematic placement stands in marked contrast to the common view that the gastropods of Lake Tanganyika represent a radiation of Thiaridae.
